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(57) ABSTRACT 

In order to determine three-dimensional coordinates of a 
surface (2) of an object (3) to be detected, the changes in 
color of a color pattern (5), Which is projected by a projector 
(4) onto the surface (2), are to be encoded by using a 
redundant code. An analyzing method, Which analyzes the 
changes in color occurring in an image (7) recorded by a 
camera (6), is insensitive to changes on the surface (2). In 
addition, the contour of the object (3) can be determined 
With a single recording. The method is thereby also suited 
for moving objects. 
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METHOD AND DEVICE FOR 
THREE-DIMENSIONALLY DETECTING 

OBJECTS AND THE USE OF THIS DEVICE 
AND METHOD 

CROSS REFERENCE TO RELATED 
APPLICATION 

This is the 35 USC 371 national stage of international 
application PCT/DEO03/024l0 ?led on 17 Jul. 2003, Which 
designated the United States of America. 

FIELD OF THE INVENTION 

The invention relates to a method for three-dimensionally 
detecting objects, in Which 

a color pattern With knoWn projection data is projected 
onto the object to be detected, 

the pattern projected onto the object to be detected is 
recorded With the aid of a camera and 

the image created by the camera is processed in an 
analysis unit into three-dimensional object coordinates. 

The invention further relates to a device for executing the 
method and to use of the device and the method. 

BACKGROUND OF THE INVENTION 

Methods for three-dimensional detection of objects are 
needed for different purposes, including the identi?cation 
and authentication of persons. Thus for example projecting 
a tWo-dimensional color pattern made of colored pattern 
elements and using a camera to record the color pattern 
projected onto the object to be detected is knoWn from DE 
199 63 333 Al. As a result of the spatial properties of the 
surface of the object to be detected the color patterns in the 
image recorded by the camera are shifted in relation to the 
original arrangement, so that for a knoWn position of the 
projector and the camera, the three-dimensional data of an 
object point on the surface of the object to be detected can 
be calculated. 

The knoWn method is hoWever not suitable for colored 
scenes. Instead, With the knoWn method, it is necessary to 
record a reference image With evenly White object illumi 
nation. This reference image alloWs the projected colors in 
the sample image to be determined. Since With the knoWn 
method at least tWo images need to be recorded, it is limited 
as to its suitability for moving objects or objects Which 
change their shape. Thus this knoWn method has only 
restricted suitability for detecting a hand or a face. 

Projection of a black and White tWo-dimensional pattern 
With additional encoding into the object to be detected is 
knoWn from the publication by P. Vuylsteke and A. 00st 
erlinck, “Range Image Acquisition With a Single Binary 
Encoded Light Pattern”, IEEE Transactions on Pattern 
Analysis and Machine Intelligence, Volume 12, No. 2, 
February 1990. This attempts to determine the angle of 
projection for each point of the camera image from the 
image environment of the point. In particular it attempts to 
calculate the angle of projection of the relevant point from 
the distortions of the projected pattern arising from the 
spatial orientation of the object surface as vieWed by the 
camera. HoWever this only succeeds Well for objects With a 
constantly moving surface. If hoWever indentations are 
present on the object to be detected, the coding pattern 
elements of the pixel environment are disturbed, Which 
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2 
results in non-determinable or incorrect projector angles and 
leads as a result to incorrect three-dimensional object coor 
dinates. 

SUMMARY OF THE INVENTION 

Using this prior art as its point of departure, the object of 
the invention is thus to specify a method for three-dimen 
sional detection of objects Which is not adversely affected 
either by the coloration or by indentations in the object to be 
detected. 
A further object of the invention is to specify a device for 

executing the method. 
These objects are achieved by a method and a device With 

the features of the independent claims. Advantageous 
embodiments and developments of the invention are speci 
?ed in dependent claims of said claims. 

With the method in accordance With the invention the 
projection coordinates are encoded in the color pattern With 
the aid of a redundant code. The use of a color pattern for 
encoding offers the advantage of enabling encoding to be 
executed in a compact Way such that damage to the code by 
indentations or covered areas, especially in facial recogni 
tion, is unlikely. Above and beyond this the encoding is 
robust as regards errors since color discrepancies in the 
image generated by the coloring of the object can be 
detected and eliminated in the image. 
A device set up to execute the method thus features a 

projector Which projects a redundantly coded color pattern 
onto the object to be detected. 

In a preferred embodiment of the method the color values 
of the color pattern are subdivided into codeWords. The 
codeWords in this case preferably exhibit a non-trivial 
Hamming distance. A non-trivial Hamming distance should 
in this case be taken to be a Hamming distance greater than 
1. With this form of encoding good results in the detection 
of the encoded projection data have been achieved. 
The robustness of the encoding can be further increased 

by having the codeWords overlap. 
Further measures relate to the color changes in the indi 

vidual channels. The detection accuracy can for example be 
increased by the color values in each color channel being 
able to assume only tWo color values de?ned in advance. 
Expediently the color change ranges in each color channel 
betWeen a minimum possible value and a further maximum 
possible value. 
A further requirement can be imposed for color changes 

to have to occur simultaneously in at least tWo color chan 
nels. 

Errors attributable to changes in the coloring of the object 
to be detected can be eliminated by these tWo methods. 
A further useful requirement for the color pattern relates 

to the number of color changes in each codeWord. If at least 
one color change takes place in each codeWord in each of the 
color channels, detection errors cannot be propagated over a 
number of codeWords. 
The detection accuracy can be further improved by encod 

ing the color changes into codeWords of a redundantly 
encoded code. These requirements for the encoding of the 
color pattern alloW errors in decoding to be reliably detected. 

Decoding is undertaken here by the analysis unit detecting 
the turning points of the detected measurement signal by 
determining the maxima of the ?rst derivation. The turning 
points detected in this Way, Which can be assigned to 
potential color changes, are subsequently checked for the 
criteria Which ful?ll the encoding of the color code. This 
includes checking the siZe of the color change and the 



US 7,388,678 B2 
3 

correlation of the color changes between the channels. A 
further criterion is for example that the turning points with 
positive and negative rise must each occur in pairs and that 
the color changes must correspond to the codewords of the 
color changes. 

Finally the color changes are checked for matches with 
the encoded codewords of the color change and the projec 
tion data assigned to a point of the recorded image. From the 
projection data and the coordinates of the relevant point in 
the image recorded by the camera the three-dimensional 
object coordinates of the surface of the object to be detected 
can then be calculated. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention is explained in detail below with reference 
to the enclosed drawing. The diagrams show: 

FIG. 1 A view of a device for the three-dimensional 
recording of object data; 

FIG. 2a to c Diagrams which illustrate the data reduction; 
and 

FIGS. 3a and b Illustrations of the reconstructed pro?le 
lines of a recorded object. 

DETAILED DESCRIPTION OF THE 
INVENTION 

FIG. 1 shows a device 1 which is used to determine the 
three-dimensional object coordinates of a surface 2 of an 
object 3 to be recorded. 

Device 1 features a projector 4 which projects a color 
pattern 5 onto the surface 2 of the object to be recorded 3. 
In the case shown in FIG. 1 the color pattern 5 is composed 
of a series of adjacent colored stripes. It is however also 
conceivable to use a two-dimensional color pattern instead 
of the one-dimensional color pattern 5 shown in FIG. 1. 

With the exemplary embodiment shown in FIG. 1 each 
point P of the surface 2 of the object 3 can be assigned a 
projection level g. Projection data is encoded by the color 
pattern 5 in this way. The color pattern 5 projected onto the 
surface 2 of the object 3 is converted by a camera 6 into an 
image 7 in which the point P on the surface 2 is transformed 
into the point P'. For a known arrangement of the projector 
4 and the camera 6, especially with a known length of the 
basic distance 8, triangulation can be used to calculate the 
three-dimensional space coordinates P on the surface 2. The 
data reduction and analysis required for this is performed by 
an analysis unit 9. 

To enable the three-dimensional space coordinates of the 
point P to be determined on the surface 2 from an individual 
image 7 even if the surface 2 of the obj ect 3 has indentations 
and covered areas, the color pattern 5 is constructed in such 
as way that the encoding of the projection levels g is as 
robust as possible in relation to errors. The coding further 
allows errors which relate to the coloring of the object to be 
eliminated. 

For the exemplary embodiment shown in FIG. 1 the 
colors of the color pattern 5 are described by the RGB 
model. The color values of the color pattern 5 are changed 
by changes to the color values in the individual color 
channels R, G and B. 

The color pattern should satisfy the following conditions: 
Only two color values will be used in each color channel. 

In particular the minimum value and the maximum 
value respectively will be used in each color channel, 
so that in the RGB model overall a total of eight colors 
are available. 
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4 
Within a codeword each color channel features at least 

one color change. This condition makes it possible to 
decode the individual codewords. 

Adjacent color elements differ in at least two color 
channels. This condition is used especially to guarantee 
error tolerance, especially in relation to indentations. 

The individual codewords of the color pattern 5 features 
a non-trivial Hamming distance. This condition too 
serves to increase the error tolerance on decoding of the 
projection levels g. 

The color changes are also compiled into codewords with 
a non-trivial Hamming distance. 

An example is given below for color pattern 5 which 
satis?es the ?ve conditions stated above. This color pattern 
5 relates to the RGB model with a red color channel R, a 
green color channel G and a blue color channel B. Since 
color values in each color channel can only assume the 
minimum value and maximum value respectively, a total of 
eight mix colors are available to which the following num 
bers will be assigned: 

Black 0 
Blue 1 
Green 2 
Cyan 3 
Red 4 
Magenta 5 
Yellow 6 
White 7 

A length of four color stripes has been selected for the 
codewords of the color values, with adjacent codewords 
overlapping with three color strips. 

Numerical values have also been assigned to color 
changes. Since in each of the three color channels the color 
value can remain the same, can fall or can rise, a total of 27 
different color changes of the mix colors is produced, each 
of which has been assigned a number between 0 and 26. The 
length of the codewords assigned to the color changes has 
been selected as equal to three color changes, with adjacent 
codewords overlapping with two color changes. 
A search algorithm was used to ?nd the following number 

series which describes an exemplary embodiment of the 
color pattern 5 which satis?es the above-mentioned ?ve 
conditions: 
l24307056121741427034212721653417161436160530635 
27170724163052507471470650356036347 
43506172524253607 
In the speci?ed exemplary embodiment the ?rst codeword 

consists of the digits 1243, the second codeword of the digits 
2340 and the third codeword of the digits 4307. The exem 
plary embodiment shown represents a very robust encoding. 

FIGS. 2a to 0 illustrate the data reduction. FIG. 2a shows 
an original color signal 10. The original color signal 10 is 
shaped by the surface 2 of the object 3 into a measurement 
signal 11. To clarify matters it should be pointed out that the 
color signal 10 and the measurement signal 11 are shown 
running at an angle to the colored stripes of the color pattern 
5 shown in FIG. 1. 

For data reduction a ?rst derivation 12 of the measure 
ment signal 11 is calculated in a ?rst step. Subsequently the 
turning points of the measurement signal 11 are determined 
by calculating the extreme values 13 of the ?rst derivation 
12. The exact position is calculated by directly ?tting a 
parabola or a cubic polynomial to the environment of an 
extreme value of derivation 12. The extreme values pro 
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duced in this Way are combined in accordance With their 
spatial distribution to form extreme values of the mixed 
color signal Which extend over a number of color channels. 
The position of the extreme values extending over a number 
of color channels is calculated by forming a Weighted 
average of the position of the extreme values in the indi 
vidual color channels. The factors used for Weighting are 
formed on the basis of the quality of the ?t curve and the 
signal-to-noise ratio of measurement signal 11. Individual 
extreme values Which do not correspond to a further extreme 
value in another color channel are ignored beloW. Since the 
likelihood of the occurrence of an extreme value Without 
corresponding color transition is very small, this is an 
effective means of eliminating noise-related distortions. In 
FIG. 20 for example the mistakenly detected extreme value 
14 can be eliminated. 

In a further procedural step identical extreme values Will 
be combined into pro?le lines 15. FIG. 3a shoWs the result 
for the case in Which the extreme values are not subject to 
any further ?ltering. Since hoWever the color changes are 
structured With the aid of overlapping codeWords Which 
have a non-trivial Hamming distance betWeen them, those 
extreme values Which are based on color edges in the 
coloration of surface 2 can also be ?ltered out. The result is 
shoWn in FIG. 3b. The method described here is thus very 
much in a position to record the actual pro?le lines 15 of the 
color changes Which are based on color changes in the color 
pattern 5. 

In the subsequent execution sequence the projector levels 
g can be assigned via color coding to the points P of the 
image 7. The three-dimensional object data of the surface is 
then obtained by a triangulation, When the arrangement of 
the camera 6 and of the projector 4 are knoWn. 

The method described here can also be used to determine 
the coloring of the object to be recorded 3. The color value 
of a point P in the image 7 can be described by the folloWing 
formula: 

Where s60») gives the spectral sensitivity of a sensor element 
in the camera 6, r60») is the spectral re?ectivity of the 
associated surfaces 2, IPO») the spectral intensity of the 
radiation emitted by the projector 4 and Ia(}\,) the intensity of 
the background illumination. Since IPO») is knoWn for each 
point P after the execution of the method described above, 
assuming that RC0») is essentially equal to a constant rc, it is 
possible to calculate from the measured value R6 in each 
color channel the constant rc, When the effect of the back 
ground illumination can be ignored. The coloring of the 
surface 2 can then be obtained from the re?ectivities rc of the 
three color channels. Taking account of adjacent values of rc 
it is ?nally possible to at least record the loWer-frequency 
components of the coloring of the object 3. 

The method has already been extensively tested. A color 
pattern, in Which 104 stripes formed a unique encoding Was 
used. For the projected color pattern 5 hoWever a total of 156 
light levels Was used since the geometry of the test setup 
alloWs partial repetition of the coded pattern. 

Both a simple slide projector and also an LCD projector 
Were used for the projector 4. A simple slide projector for 
Which the optics is optimiZed to a large depth of focus is the 
best alternative as regards cost. 
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6 
Various RGB cameras With a resolution of 574x768 pixels 

Were used for the camera. To suppress any possible crosstalk 
betWeen the individual color channels good color separation 
in camera 6 is essential. A computer With a Pentium IV 2, 4 
GHZ processor Was used for analysis unit 9. This alloWed up 
to 15 images per second to be recorded and analyZed Without 
optimiZing the speed of the program code. The method is 
thus entirely suitable for recognition of gestures. 
The method operates reliably if the variation of the 

coloring of surface 2 and the background illumination do not 
correspond in frequency and amplitude to the color change 
of the color pattern 5. This can also be seen from FIGS. 3a 
and 3b, in Which the ?ngers 16 are resting on a multicolored 
support 17. 
A surface must be at least 8x8 pixels in siZe in the image 

7 to enable a three-dimensional coordinate to be assigned to 
it. Then at least tWo complete colored stripes are needed for 
analysis, With one colored stripe in camera 6 being at least 
3 pixels Wide; 

Since an individual recording of the surface 2 is sufficient 
for the execution of the method described here in order to 
determine three-dimensional coordinates of the surface 2, 
the method and the device described here are particularly 
suitable for recording moving objects or objects Which 
change their shape. The method described here is thus 
especially suited Within the context of biometrics to facial 
recognition and to recording gestures. To this extent the 
method described here is primarily suited to identi?cation 
and authentication of people. 

Further areas of application relate to quality assurance of 
products, calibration of objects in the construction, for 
example for retro?tting, for repairs or for the expansion of 
existing machines or plant, or the three-dimensional mod 
eling of objects in the multimedia and games area. 

It should be pointed out that other color models, eg the 
YUV model, can be used for the description of the color 
pattern 5. 

It should also be pointed out that the term camera can be 
taken to mean any imaging system. 

The invention claimed is: 
1. A method for three-dimensional detection of objects 

(3), comprising: 
projecting a color pattern (5) With knoWn projection data 

onto the object to be detected (3); 
recording the color pattern (5) projected onto the object 

(3) With a camera (6); and 
processing the image (7) recorded by the camera (6) in 

an analysis unit (9) into three-dimensional object 
coordinates of the object (3), 

Wherein 
the projection data in the color pattern (5) is encoded With 

the aid of redundant code, and color changes of the 
color pattern (5) are structured With the aid of code 
Words of redundant code and in Which, during analysis 
in the analysis unit (9), the codeWords are alloWed 
corresponding color changes as valid color changes. 

2. The method in accordance With claim 1, Wherein color 
values in the color pattern (5) are structured With the aid of 
codeWords of redundant code and in Which the projection 
data of a point (P) of the image (7) are identi?ed With the aid 
of a search performed by the analysis unit (9) for the 
codeWords encoding the color values. 

3. The method in accordance With claim 2, Wherein 
codeWords With a non-trivial Hamming distance are used. 

4. The method in accordance With claim 2, in Which the 
codeWords are arranged so that they overlap. 
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5. The method in accordance With claim 2, wherein color 
changes of the color pattern (5) are structured With the aid 
of codeWords of a redundant code and in Which, during 
analysis in the analysis unit (9), the codeWords are alloWed 
corresponding color changes as valid color changes. 

6. The method in accordance With claim 3, Wherein the 
codeWords are arranged so that they overlap. 

7. The method in accordance With claim 1, Wherein the 
color values are varied in each color channel betWeen tWo 
values. 

8. The method in accordance With claim 7, Wherein the 
color values are varied in each color channel betWeen a 
minimum value and a maximum value. 

9. The method in accordance With claim 1, Wherein the 
color values are changed in at least tWo channels together 
and in Which color changes occurring in at least tWo color 
channels are alloWed as valid color changes during analysis 
in the analysis unit (9). 

10. The method in accordance With claim 1, Wherein in 
each color channel Within each codeWord at least one color 
change is performed. 

11. The method in accordance With claim 1, Wherein in the 
analysis unit (9) the position of color changes in each color 
channel is determined With the aid of extreme values of a 
?rst derivation (12) of a measurement signal (11). 

12. The method in accordance With claim 1, Wherein the 
color pattern (5) is formed as stripes and in Which, during 
analysis in the analysis unit (9), color changes correspond 
ing to each other are combined into pro?le lines (15). 

5 

15 

20 

25 

8 
13. The method in accordance With claim 1, Wherein an 

individual recording of the image (7) for determining the 
three-dimensional coordinates of the surface (2) of the 
object (3) is performed. 

14. The method in accordance With claim 1, Wherein by 
evaluating the color of the color pattern (5) recorded in the 
image (7) and the color originally projected in the color 
pattern (5) a coloring of the surface (2) of the object (3) is 
reconstructed. 

15. A device for three-dimensional detection of objects 
With a projector (4) to project a color pattern (5) onto a 
surface (2) of an object to be recorded (3) and With a camera 
(6) to record an image (7) of the color pattern (5) projected 
onto the surface (2), as Well as With an analysis unit (9) for 
analyZing the image (7), Wherein the color pattern (5) that 
can be projected by the projector (4) and the analysis unit (9) 
are set up to execute the method in accordance With claim 1. 

16. A method in accordance With claim 1 for recogniZing 
faces of people. 

17. A method in accordance With claim 1 for recogniZing 
gestures of people. 

18. The method in accordance With claim 1, Wherein 
codeWords With a non-trivial Hamming distance are used. 

19. The method in accordance With claim 1, Wherein the 
codeWords are arranged so that they overlap. 


